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Abstract. The gray mould, caused by Botrytis cinerea Pers., is an economically important 
disease of plants throughout the world. It is common on vegetable crops, soft fruits, ornamental plants 
and grapevine, and occurs in greenhouses and in the field as well as in storage and transport. 
Plant extracts and their purified compounds have antibacterial, antiviral and fungicidal effects 
both in vitro and in vivo. Their properties were attributed mainly to alkaloids, several flavonoids and 
phenolic acids.  
This study was made in order to establish the materials and the methods most used for the in 
vitro control of the fungus Botrytis cinerea Pers. with plant extracts – types of plant extracts, the most 
appropriate culture media, methods of inoculation, methods of extraction and methods for testing the 
antifungal effect of the plant extracts against the phytopathogenic fungus. 
The most used medium was PDA (potato dextrose agar). Conform to the literature data this 
medium is the most suitable for the development of this fungus, the growth of the mycelium, the 
conidia growing and the formation of sclerotia. 
As plant extraction method, the hydrodistilation is the most ancient method of distillation and 
the most versatile.  
Reviewed methods used for testing the efficacy of natural products (plant extracts) were: the 
agar diffusion method, the poisoned food technique, the radial growth test, the conidial germination 
assay, the microathmosphere method, the technique of Thompson. 
 




Literature studies suggest that phytopreparations (plant extracts) (Zarins et al., 2009) 
are one of the most perspective biological plant protection aids. Their impact is effective 
enough, extraction is not so complicated and time-consuming, they are harmless to 
environment and people, decompose fast in agrocenosis and their usage usually pays off. 
There is certain success reached in many countries in development and practical 
establishment of new, ecologically safe plant protection aids (Zarins et al., 2009). 
There are references in literature about fungicidal and insecticidal efficiency of 
different plants, including conifers, and their perceptiveness for production of biological 
preparations (Micales et al., 1994; Biever, 2003; Mares et al., 2004 cited by Zarins et al., 
2009). 
The preservative nature of some plant extracts has been known for centuries and there 
has been renewed interest in the antimicrobial properties of extracts from aromatic plants.  
In the past ten years, more interest has focused on the potential applications of natural 
plant extracts (Yang and Clausen, 2007). 
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The investigation on the mode of action and practical applicability of such plant 
products is required to recommend their formulation in the control of diseases (Tripathi and 
Dubey, 2004). 
Natural plant extracts such as essential oils and their derivates are well known for their 
in vitro antifungal properties against the fitopathogenic fungus Botrytis cinerea Pers. 
 
 
MATERIALS AND METHODS  
 
1. Culture media 
The most used medium was PDA (potato dextrose agar). Conform to the literature this 
medium is the most suitable for the development of this fungus, the growth of the mycelium, 
the conidiation and the development of sclerotia (Marielle Adrian, 1997; Lee et al., 2007; 
Sekine et al., 2007; Vagelas et al., 2009; Tzortzakis and Economakis, 2007). 
Parvu et al., 2008 used Czapek agar medium (BD Difco, Budapest, Hungary) for the 
inoculation and growth of the fungus Botrytis cinerea Pers. 
The Malt extract agar medium was the medium on which Tegegne and Pretorius 
(2007) tried to isolate the fungus and made the experiments to determinate the antifungal 
effect of some etiopian wild plants against Botrytis cinerea Pers. This medium was composed 
of 20 g Malt extract Difco, 15 g Technical agar Difco and 900 ml sterile distilled water and 
was autoclaved for 20 min at 121oC and cooled to 45oC in a water bath. 
Leonora Mendoza et al.(2008) used for the isolation of the fungus two solid media 
Malt-yeast extract agar medium and Soft agar medium (2% malt extract, 0.2% yeast extract 
and 0.6% agar) and a liquid media which contained: KH2PO4 (1 g), K2HPO4 (0.5 g), 
MgSO4 . 7H2O (0.5g), KCl (0.5 g), FeSO4. 7H2O (0.01 g) per liter. 
 
2. Inoculation methods of the fungus 
The most used method of inoculation is the inoculation in the central point with 
Botrytis cinerea Pers. spore suspension. In the study made by Parvu et al. (2008) the 
suspension concentration were 1x105 conidia⁄ml and the incubation at 22°C for 5 days. 
Coertze et al., 2007 also made the inoculation with a spore suspension of 105-106conidia/ml. 
Another method of inoculation is the placing of 5 mm diameter plugs of mycelia in the 
center of the Petri plates and then they have to be incubating for many days at a certain 
temperature. Tegegne and Pretorius (2007) have utilized this method of inoculation and kept 
the plates for 4 days at 25±2°C. 
 
3. Plant extracts 
Regarding the plant products used for the in vitro control of the species Botrytis cinerea 
Pers. they are contained in the following categories: crude extracts, essential oils, terpenoids 
saponins, phenolic compounds, alkaloids, peptides and proteins, flavour compounds, acetic 









Tab. 1  
The plant extracts used for the in vitro control of Botrytis cinerea Pers. 
 
Nr. 
crt Authors Years  The plants used for extracts  
1. Wilson et al.  1997 Cymbopogon martini, Thymus zygis, Cinnamomum zeylanicum, Eugenia caryophyllata  
2. Marielle Adrian et al. 1997 Vitis vinifera 
3. Mares et al.  2004 Cycorium intybus  
4. Romagnoli et al.  2004 Tagetes patula  
5. Tatiana Şesan şi Ştefan  2005 Anethum graveolens, Allium sativum, Hippophee rhamnoides, Castanea sativa, Ocimum basilicum 
6. Roşca Casian şi colab.  2006  Chelidonium majus  
7. Sun Og Lee et al.  2007 39 uleiuri esenţiale  
8. Sekine et al.  2007 Bunium persicum, Anethum graveolens, Allium sativum, Ocimum basilicum, Coriandrum sativum, Rosmarinus officinalis 
9. Coetzee et al.  2007 Aspalathus linearis şi Cyclopia spp.  
10. Tripathi et al.  2007 Chenopodium ambrosioides, Eucalyptus citriodora, Ocinum canum, Ocinum sanctum, Zingiber officinale  
11. Fraternale et al. 2007 Satureja montana  
12. Tzortzakis and Economakis 
2007 Cympopogon citratus 
13. Tatiana Şesan and Tănase.  2007  Berberis vulgaris, Chelidonium majus  
14. Fodorea et al. 2007  Geranium macrorrhizul L, Geranium robertianum  
15. Tegegne and Pretorius  2007 Dolichos kilimandscarichus, Maerua subcordata, Phytolacca dodecandra  
16. Pârvu et al. 2008  Chelidonium majus  
17. Leonora Mendoza et al.  2008 Heliotropium filifolium   
18. Parvu et al. 2009 Allium fistulosum 
19. Navarro et al.  2009  Quillaja saponaria  
 
4. Plant extraction methods 
Plant extracts can be obtained by expression, fermentation, extraction, the most 
commonly used being hydrodistilation. The hydrodistilation method is the most ancient 
method of distillation and the most versatile (Surse: www.naturesgift.com). 
In the case of hydrodistilation the botanicals are fully submerged in water, producing a 
"soup", the steam of which contains the aromatic plant molecules. This hydrodistillation 
seems to work best for powders (ie, spice powders, ground wood, etc.) and very tough 
materials like roots, wood, or nuts (Surse: www.naturesgift.com). 
Sekine et al., 2007 with the headspace method, analyzed the presence of volatiles from 
Bunium persicum. A finely ground sample of Bunium persicum (200 mg) was put into a glass 
vial equipped with an aluminum crimp seal cap with a polytetrafluoroethylene/silicone 
septum and was kept for 30 min under laboratory conditions. A headspace vapor sample (1 
ml) was withdrawn from the bottle through the septum with a Hamilton gas-tight syringe and 
then immediately injected into the gas chromatography–mass spectrometry (GC-MS). 
 Steam distillation uses an outside source of steam which pipes the steam into the 
distillation unit, sometimes at high pressure. The steam passes through the aromatic material, 
and exits into the condenser. (Surse: www.naturesgift.com) 
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Air-dried aerial parts of Satureja montana collected were submitted for 3 h to steam 
distillation using a Clevenger apparatus to produce the essential oil. The oil was dried over 
anhydrous sodium sulphate and, after filtration, stored at + 4°C until tested and analyzed 
(Fraternale et al., 2007) 
Wilson et al., 1997 modified a micro-titer plate assay to detect rapidly plant extracts 
and essential oils that may serve as alternatives to synthetic fungicides for the control of 
Botrytis cinerea. Micro-titer plate methods have proved useful to the pharmaceutical and 
pesticide industries for rapid screening of bioactive compounds (Daeschel, 1992 cited by 
Wilson et al., 1997) 
 
5. In vitro antifungal activity tests. 
Reviewed methods used for testing the efficacy of natural products(plant extracts) 
were: agar diffusion method, poisoned food technique, radial growth test, conidial 
germination assay, micro atmosphere method, technique of Thompson. 
Fungitoxicity of Heliotropium filifolium extract and of the purified compounds was 
assessed using the radial growth test on malt-yeast extract agar. The extract or the compounds 
were dissolved in methanol to different final concentrations. The cultures were incubated in 
dark at 22ºC for nine days. Mycelial growth diameters were measured daily. The mean value 
of at least three different experiments was used for calculation. Each experiment was done in 
triplicate. The results were expressed as percentage of inhibition of mycelial growth on the 
control, after 72 hours of incubation (Mendoza et al., 2008) 
Antifungal activity of Chelidonium majus extract, expressed as MFC, was determined 
by agar-dilution method (Bhandari et al., 2000 cited by Pârvu et al., 2008). The percentage of 
mycelial growth inhibition (P) at each concentration was calculated by the formula: 
 
P=[C-T] x 100/C, 
 
where C is the diameter of the control colony and T is the diameter of the treated 
colony (Nidiry and Babu, 2005 cited by Pârvu et al., 2008). 
  Tegegne and Pretorius (2007) also used this method, when they tested the extracts of 
Dolichos kilimandscharicus, Maerua subcordata and Phytolacca dodecandra for in vitro 
antifungal activity against Botrytis cinerea Pers. Each extract was dissolved in 100 ml sterile 
distilled water and amended in the agar to yield a final concentration of 1 mg/ml. Antifungal 
activity on fungal colony development was obtained by dilution method (25 ppm, 50 ppm, 
100 ppm and 500 ppm) of essential oil of Cympopogon citrates, in the appropriate culture on 
PDA medium. The oils were dissolved in 5% Tween 20 and added to the 20 ml of PDA 
before solidified into Petri dishes (Tzortzakis and Economakis, 2007) 
In the study conducted by Fraternale et al., 2007 the activity of Satureja montana 
essential oils against phytopathogenic fungus Botrytis cinerea Pers. was assayed by the agar 
dilution method (Zamboneli et al., 1996) and by a modification of the micro-atmosphere 
method already reported by Delespaul et al., 2000. The fungicidal activity of the oils was 
determined using the technique of Thompson (1989). 
Shahi et al., 2002 with some modifications, used the Poisoned food technique of 






RESULTS AND DISCUSSION 
 
The most used medium was PDA (potato dextrose agar). Conform to the literature this 
medium is the most suitable for the development of this fungus, the growth of the mycelium, 
the conidiation and the development of sclerotia (Adrian, 1997; Lee et al., 2007; Sekine et al., 
2007; Vagelas et al., 2009; Tzortzakis and Economakis, 2007). Others media for the isolation 
of Botrytis cinerea Pers. was Czapek agar medium (Parvu et al., 2008, 2009), malt extract 
agar (Tegegne and Pretorius, 2007), malt-yeast extract agar medium and soft agar medium 
and a liquid media (Mendoza et al., 2008), PD liquid medium (Coetze et al., 2007) 
For the inoculation of the fungus the most used methods were the inoculation in a 
central point with Botrytis cinerea Pers. spore suspension in different concentrations (Parvu et 
al., 2008; Vagelas et al., 2009; ) or with plugs of mycelia (5mm diameter) taken from old 
cultures of the fungus (Tegegne and Pretorius, 2007; Vagelas et al., 2009). 
Plant extracts can be obtained by expression, fermentation, extraction, steam distillation 
the most commonly used being the hydrodistilation method. (Surse: www.naturesgift.com) 
Reviewed methods used for testing the efficacy of plant extracts were: agar diffusion 
method, poisoned food technique, radial growth test, conidial germination assay, micro-




Today, there is a renewed interest in the alternative strategies, which consist in 
enhancing the natural biocontrol mechanisms that exist in the environment. 
Little information is available in the literature on antifungal activity of natural 
products against Botrytis cinerea Pers. Some flavonoids, diterpenoids, sequiterpenoids, 
monoterpenoids, stilbenes, steroidal glycoalkaloid and triterpenoids have effect against this 
fungus (inhibition of mycelia growth, cytological changes, toxic action and protection and so 
one) (Mendoza et al., 2008). 
Present study reliefs the most common methods found in literature, for determining in 
vitro antifungal effect of plant extracts against the fungus Botrytis cinerea Pers. 
Thus, we should be able, following the studies, we have reviewed to know which 
extracts and methods were frequently used and represents the best practices to maintain or 
even to improve in vitro control of the phytopatogenic fungus Botrytis cinerea Pers. 
Further investigation on the mode of action and practical applicability of as many 
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